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Abstract

We reportthe currentstatusand our plansfor the com-
pletion of CHEF, aninteractive applicationfor performing
opticscalculationsn acceleratophysics.CHEF useshigh
level graphicaluserinterfacesto facilitatethe exploitation
of lower level tools incorporatednto a hierarchyof C++
classlibraries, making them usableby thosenot familiar
with C++ programming.

INTRODUCTION

In January 2004, Fermilabs AcceleratorDivison for-
malized two distinct, but relatedobjectives as a project:
(1) develop a framawork to accesseasily information
neededfor acceleratomphysicscalculationson Fermilab
machinesand(2) developuserfriendly softwarefor optics
calculationsin beamline designandanalysis. A compo-
nentof thefirstis the AcceleratoDivision’s LatticeRepos-
itory, aboutwhich a separatgaperhasbeensubmittedto
this conference[1] The seconds beingimplementedasa
GUI-basedapplicationcalled“CHEF,” anacrorym which
standdor:

Collaborative: objectscooperateandshareinformation;
Hierarchical: built onahierarchyof (mostly pre-eisting)
C++ classlibraries;

Expansible: softwareis designedor future extensions;
Framework: asetof cooperatingobjectclasseshatmale
up areusablalesignfor a giventype of application.

As a framawvork, CHEF is a collection of largely au-
tonomouscomponentswhich can cooperateto perform
theirfunctions;asa program CHEFis the nameof a GUI-
basedapplicationthat providesan interfacefor doing op-
tics calculationsusingthesecomponents.The frameavork
providesa hierarchyof librariesto facilitate writing C++
programstheapplicationpresents userfriendly interface
for exploiting thetoolsin thathierarchy

In the following sectionswe shall briefly (a) summa-
rize the underlyingsoftwarethat supportsthe application,
CHEEF (b) describeits currentstatus,and (c) outline our
goalsfor CHEF'sfirst “production” version.

* This manuscripthasbeenauthoredby UniversitiesResearchAsso-
ciation, Inc. undercontractNo. DE-AC02-76CH03000with the U.S.
Departmentof Enegy. The United StatesGovernmentretainsand the
publisher by acceptinghe article for publication,acknavledgesthatthe
United StatesGovernmentretainsa nonexclusive, paid-up,irrevocable,
worldwide licenseto publish or reproducethe publishedform of this
manuscriptor allow othersto do so, for United StatesGovernmentpur-
poses.

LIBRARY HIERARCHY

CHEF is supportedupon a collection of C++ classli-
brariesthat are orderedin a hierarchyof layers. Objects
within alayer“know about’eachothers existenceandthat
of theobjectsin lowerlayersbut nothigherones.Presented
in order, from highestto lowest,thesearecalled:
widget_toolkit: A collection of autonomouswidgets
which, althoughusedby the application,CHEF, arefunda-
mentallyindependenof it andcouldbeinstantiatedvithin
otherC++ programs.This layer containsGUIs that CHEF
presentgo its users.
physics toolkit: Helper classeswhich perform specific
computationatasks,suchasfinding closedorbits or cal-
culatinglattice functions. They alsorelieve a programmer
of variousadministratve responsibilitiesvhich tendto be
forgotten(e.g. turning off acceleratingcavities beforeat-
temptingto find a closedorbit).
bmlifactory: Containsone C++ classwhich instantiates
to a factoryobject. The factoryusesa LEX-YACC based
parserto interpreta restrictedMAD v.8 syntax. Uponre-
quest,it will build beamlineobjectscorrespondingo those
describedn MAD inputfiles.
beamline: Classedor modelingbeamlinesaandringsasse-
guentialarrangementsf neighboringelements Whatever
specifiegheelementsphysicsandspatialconfigurationss
encapsulateavithin this layer, which hasundegonecon-
tinual evolutionary developmentsinceits original version
appearedn 1988.
integrator: Containsclasseghat perform basic numeri-
cal integration,including symplecticsolversfor Hamilto-
nian dynamicalsystems. Combinedwith mxyzptlk (be-
low), theseprovide a corvenientway of generatingnaps
for arbitrarily specifiedmagnetidield configurations.
mxyzptlk: Classedor doingautomaticdifferentiationand
differentialalgebra: esp. Jet, Mapping, and LieOperator
The operatorsand functionsit provides enableC++ pro-
grammergo usesourcecodepolymorphically to calculate
numericalanswers e.g. via tracking, numericalintegra-
tion, or iterative corvergence- andto constructmapsfor
analysis perturbatiortheory andtracking. Sinceits origi-
nal releasen 1989, mxyzptlk hasundegoneevolutionary
development.It's currentversiontakes advantageof tem-
platesandothermodernC++ conceptsin earlierversions,
moreattentiorwaspaidto accurag thanefficiency. Recent
algorithmicandmemorymanagemernitmprovementshave
madeits performanceomparabldo that of softwarewrit-
tenin Fortran.
basic_toolkit: Its first versionwaswritten in 1988, when
C++ was new and changingrapidly. It comprisesbasic
algebraicand utility classeghat at thattime were neither



standardizedorwidely available,e.qg.lists, vectors matri-

ces,andheadefiles containingphysicalandmathematical
constants.By now, mary of its original classehave been
supersedethy developmentsn the language suchasthe

STL or third party librarieslike Boost. This layer’s more

deprecatedlassesare being phasedout, as gracefully as

possible.

Within this short report we can but commentbriefly
uponthis hierarchys moresignificantfeatures.

Independence of physics from layout: A beamlineele-
mentcompriseqa) an affine transformationrepresenting
the connectiorbetweenits upstreamand downstreanref-
erenceframesand (b) a functor encapsulatinghe physics
(i.e. dynamics)that propagates particle betweenthem.
In principle, ary elementcould be boundedby arbitrary
frames, but in practicethe connectionusedby most el-
ementsis trivially a displacemenin the z (longitudinal)
direction. The principal exceptionsoccurin classedike
rbend,sbend their combined-functiorvariants,andSlot -
which, like drift, modelsempty spacebut possessearbi-
trarily positionedandorientedboundingframes.

Thereis no global coordinatesystemand no a priori
“referenceorbit,” but thereis a “registration” processby
whichaprogrammecanspecifyary particleto be“the ref-
erenceparticle’” Classe$-rameandSlotenableesasycom-
pletely generalplacementof beamlineelementsby pro-
viding a mechanisnfor describinghow neighboringele-
mentsare arrangedwith respectto eachother Physicsis
expressedy electromagnetidields writtenin coordinates
local to the elements body. If morephysicsfunctorsthan
oneareavailable,they canbe “pluggedinto” beamlineel-
ementsat runtime. (E.g. not all elementsof a particular
speciesieedbehae exactly the sameway.)

This paradigmis not the one familiar to MAD users,
in which physicsis specifiedrelative to an assumedefer
enceorbit from the beginning andall machineparameters
arepre-scaledelative to a magneticrigidity (i.e. momen-
tum). Thesefundamentadifferencessometimesproduce
tensionsvhenCHEFtriesto interpreta MAD input file or
when,anunusualgeometricarrangementiaving beencon-
structed pnetriesto fit it into MAD’ s assumptions.

Context: Cooperation CHEF's“C” - is facilitatedby an
agent,called BeamlineContet, which keepstrack of cal-
culations(i) thathave beenperformed (ii) thatareneeded
as preliminariesfor other calculations,and (iii) thathave
becomeinvalid becauseof modificationsto the beamline
model. It actsasa dispatcheror overseerpositionedbe-
tweenCHEF's widgetsandtheworker classedelow.

Internal stateresponse. Beamlineelementdike Lambert-
sons pingers.andcavities canhave time-dependertiehar-
ior or respondo the passagef aparticle (or bunchof par
ticles). This capability could be exploited for modeling
wakefields, feedback,extraction, or the transferof beam
betweerrings.
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Figurel: CHEF's browserandtext windows.

Per sistence. Beamlinemodelscanbestreamedo afile, re-
tainingtheir “existenceafteraprogramterminatesStored
in this way, they latercanbe streamedackinto otherpro-
grams.

Algebraic polymorphism. Employing mxyzptlk's alge-

braic operatoraandanalyticfunctions,lines of propagator
or integrationcodecanbe usedinterchangeablyor track-

ing andcreatingmaps.

Run-time editing. Becausé¢he modelis a C++ object, it
canbemodifiedatruntime. Thepossibilitiesgo farbeyond
merely modifying attributes: e.g. elementscan be split,
combined,subbeamlinegan be replacedwith equivalent
maps,beambeanandspacechayelensescanbeinserted.

CHEF, THE APPLICATION

While the lower level libraries can be (and are) used
within C++ programs,CHEF, the application, provides
graphicaluserinterfacesto invoke a collectionof standard
operationsDescribechereareits majorwidgetsandmenu
items.

Browser. A beamlinebrowserprovidesahierarchicalview
of instantiatedhcceleratomodelssimilar to thatof familiar
file browsers,like Windows Exploret Insteadof folders,
subfolders,andfiles, one seesbeamlines sub-beamlines,
andelements(SeeFigurel.) Right-clickingonanelement
revealsmostof its parametriattributes,someof which can
thenbe modifiedinteractiely.

If thebeamlinds instantiatedrom aMAD inputfile, the

file itself canoptionallybeviewedandeditedin atext win-
dow beforeand after instantiation. All beamlinedefined
in afile aresimultaneouslyiewable;a usersimply selects
the onesto be displayed.The hierarchyshavn will reflect
abeamlines structureasdefinedwithin thefile.
Edit menu: As mentionedalready somepropertiesof an
elementcanbe modifiedwithin the Browser Actionsthat
createnew linesfrom old ones- via operationghat dupli-
cate,condenseflatten,memge equivalentelementscorvert
drifts to slots,or simply rename canbeinvokedfrom this
menu.
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Figure2: A plotting window, shaving lattice functions.

Plotters: Currentlyusedprimarily for plotting latticefunc-
tions, dispersion,and closedorbits, in principle ary data
- theoreticalor experimental- can be displayedand su-
perposedwithin thesewidgets. Horizontal and vertical
scrolling is enabledafter zooming; plotted data can be
savedastablesof numbergor usein otherprograms.
Phase space views. Multiple views of phasespaceare
available to monitor the behaior of a virtual particle
traversinga ring. ThesewidgetsuseOpenGLto provide
both two- and three-dimensionaprojectionsthat update
automaticallyas the simulationis running. An "action-
angle”view is particularlygoodfor exposingK AM tori. [2]
bpm tracer: A circulating particle can also be followed
within a window that receives and displayssignalsfrom
monitorsembeddednto the acceleratomodel. The plot
hasa fadingmemoryof userspecifiedlength, enablinga
userto watchanenvelopeevolve. Also basedon OpenGL,
it could (in the future) be madethree-dimensionaksp.for
displaywith apertures.

Geometry viewer: This “SiteViewer” object provides a
global look at a model’s geometriclayout, essentiallyin-
tegratingthe connectiondetweerthe beamlineelements’
localframes.Zoomingin onandandmoving theimageare
performedwith the mouse. Right-clicking on an element
providesinformationaboutit. Currentlytwo-dimensional,
the widget nonethelesss basedon OpenGLsothatit can
be extendedo threedimensionsn thefuture.

Selector: Constructspropositionsregardingelements’at-
tributes which are then appliedto selectsubsetsof ele-
ments.Wheninvokedfrom the Browser, the subbeamlines
opento exposeand highlight the selectedelements. In-
voked within the SiteMewer, selectedelementsare high-
lighted.

Python interpreter: Onewindow provides an interface
for a Python interpreterwhich utilizes Python bindings
thathave beencreatedfor all lower level C++ classesand
for CHEF's components. Within it, a user can extend
CHEF without leaving the applicationby writing andtest-
ing python scriptsthat can be executed,saved, and later
recalled.

Device monitor: Usingan XMLRPC protocolandproce-

duresprovidedby Fermilabs ControlsGroup,this window
monitors“devices, a catgyory that encompasseary da-
tum provided abouta Fermilabmachine. The displaycan
be toggledto updateitself automaticallyor only uponre-
quest.

Messages: A messagevindow captureserrorandwarning
messagethatarestreamediuring a calculation eitheran-
nouncingthatit hasgonewrong or providing information
aboutits progress.

GOALS

In October 2004, an initial releaseof CHEF was in-
stalledon a UNIX machine. CHEF and its components
were themseles almostcompletelyfree of dependencies
on the operatingsystem,and by January a Windows XP
versionwasmadeavailable.For thosewho wantto explore
its possibilities,despiteits currentlyincompletestateand
lack of documentationa Windows versioncan be down-
loadedfrom http://www-ap.fnal.ge/CHEFE An RPM file
for Fermi Linux will be provided in the future, and the
sourcecodewill beincludedwhenthe productreachesa
reasonablystablefinishedstate. Apart from ongoingim-
provementof lower level libraries,our work on CHEF be-
tweennow andthenwill focusonthefollowing priorities.

non-periodic lines: Most of CHEF's currentfunctionality
targetsstoragaingsandsynchrotronsOur highestpriority
is to add featuresmore appropriatefor transferlines and
linacs.

unrestricted geometric manipulations:. The lower level
libraries alreadycontainthe tools necessaryor arbitrary
evenexatic, placemenbdf elementsOur goalnow is to lift
thatcapabilityinto the CHEF layer.

operate on selected objects: Having selecteda group of
elementsa userwill be ableto edit their properties,f of
the sametype, or to group theminto “circuits,” enabling
controlby specifyingvaluesof “knob” parameters.
importing measured properties: To morph a “design”
modelinto a “realistic” one, CHEF will provide a mecha-
nismfor importing datafrom existing databasesncluding
thedescriptionsontainedn the Lattice Repository[1]
nonlinear analysis. We will add menuentriesfor doing
simple nonlinearanalysison rings, suchas calculationof
resonancevidths,tunespreadandfocal properties.

Most of theseinvolve functionalitiesalreadypresenin the
lower level libraries. The taskwill beto make themavail-
ablefrom CHEF's graphicaluserinterfaces.
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